Objectives: The objectives of this study were to establish the prevalence of positive antibodies to endomysium (EMA) and tissue transglutaminase (tTG) in children with type 1 diabetes living in Newfoundland and Labrador (NL), and to examine clinical features associated with positive antibodies. Methods: Patients were recruited from the pediatric diabetes clinic. One hundred sixty-seven children with type 1 diabetes from the 280 children followed at the clinic were prospectively screened for celiac disease using EMA and tTG. The variables of Irish descent, age at onset of diabetes, duration of diabetes, sex, family history of celiac disease, hemoglobin A1C (A1C), ferritin, gastrointestinal symptoms, and body mass index were compiled for all patients. The group of patients with positive antibodies to EMA and/or tTG was compared to the group with negative antibodies. Results: The prevalence of patients with positive antibodies to EMA and/or tTG was 16.8% (n = 28). One patient had also been previously diagnosed with symptomatic celiac disease. The two statistically significant variables with positive antibodies were an earlier age at onset of diabetes (Mann-Whitney U two-tailed test: mean difference 3.2 years, 95% CI 1.7-4.8 years, p < 0.0001) and longer duration of diabetes (Mann-Whitney U
Introduction
Celiac disease (CD) is an immune-mediated disease caused by sensitivity to gluten in genetically susceptible individuals. It is both common and underdiagnosed. Signs and symptoms are multiple, diverse, and non-specific. They range from classic chronic diarrhea and failure to thrive to simple iron deficiency anemia. Most patients with CD have very few typical symptoms of malabsorption. It is hypothesized that these asymptomatic patients are also at risk of developing other autoimmune diseases and malignancies if the diagnosis is delayed and a gluten-free diet not initiated [1] .
The co-existence of type 1 diabetes with CD was first suspected in 1954 and diagnosed by small intestinal biopsy in 1969. It has now been widely accepted for decades that the prevalence of CD is increased in patients with type 1 diabetes. According to studies in the recent literature, the prevalence of CD in patients with type 1 diabetes ranges from 4.4%-12.4% compared to a 1% prevalence in the general population [1] [2] [3] [4] . A recent publication also found the prevalence of CD to be 16% in first-degree relatives of patients with type 1 diabetes [5] . It is hypothesized that this increased association is due to a common genetic basis. In both diseases, genetic susceptibility is associated with the Human Leukocyte Antigen (HLA) DQ2-DQ8 genotype, as well as non-HLA genes [1, 6] . Many diabetes clinics now routinely screen for CD in their patients, though consensus-based guidelines offer disparate recommendations in terms of screening: The American Diabetes Association and the North American Society for Pediatric Gastroenterology, Hepatology and Nutrition recommend screening all children with a diagnosis of type 1 diabetes for CD regardless of symptoms, while the Canadian Diabetes Association and an National Institutes of Health (NIH) sponsored consensus document recommend screening only symptomatic children with type 1 diabetes for CD [7] [8] [9] [10] . The recently published guidelines from the International Society of Pediatric and Adolescent Diabetes (ISPAD) recommend that screening for CD should be performed at the time of diabetes diagnosis, and every 1-2 years thereafter. More frequent assessment is indicated if the clinical situation suggests the possibility of CD or the child has a first-degree relative with CD [11] .
The endomysial (EMA) and transglutaminase (tTG) immunoglobulin (Ig)A antibody tests are routinely used to screen for CD. Numerous studies have evaluated the accuracy of these tests in both the general population and in groups at risk. The sensitivity of the EMA in children ranges from 0.88-1.00 and specificity ranges from 0.91-1.00 [7, 12] . The sensitivity of the tTG in children ranges from 0.92-1.00, and the specificity from 0.91-1.00 [7, 12] . The tTG test, done by enzyme immunoassay technique, has the advantage of having less inter-observer variability compared with the EMA test, done by immunofluorescence assay using a microscope.
Newfoundland and Labrador (NL) is a unique province in Canada with an island portion (Newfoundland) and a mainland portion (Labrador), and due to relative isolation and a founder population some genetic disorders are more prevalent. The Avalon Peninsula in Newfoundland is well defined geographically and contains 46% of the childhood population of Newfoundland. A recent study determined the incidence of type 1 diabetes in the 0-14 years age group in the Avalon Peninsula to be one of the highest in the world (49.9 per 100, 000 per year, with a linear increase over the study period of 1.03 per 100, 000 per year) [13] . Suspected reasons for such a high incidence of type 1 diabetes in NL include shared genetic background of its inhabitants, as 96% of residents have ancestors from Ireland or southwest England. In addition there are environmental factors such as northern latitude and vitamin D deficiency, low breastfeeding rates, and high rates of caesarean section [13] , which could contribute to the high incidence. The prevalence of CD in NL has not yet been studied. It has been shown that Ireland has the highest prevalence of CD in the world and as mentioned previously, Irish descendants comprise a significant proportion of the founder population in NL [14] .
The Janeway Child Health Care Centre (JCHCC) is the only tertiary care children's hospital servicing the province of NL. All children with type 1 diabetes who live on the Avalon Peninsula are referred to one of the pediatric diabetologistsat the JCHCC and are followed by the Janeway Pediatric Diabetes Team. Based on our population demographics, we postulated a high prevalence of CD-associated EMA and tTG antibodies in children followed for type 1 diabetes at the JCHCC.
The specific aims were to: (1) determine the cross-sectional prevalence of CD-associated EMA and tTG antibodies in a cohort of children with type 1 diabetes; and (2) determine whether hemoglobin A1C (A1C), serum ferritin, age at onset of diabetes, duration of diabetes, gastrointestinal symptoms, body mass index, sex, Irish descent, and family history of CD are useful in predicting presence of CD-associated EMA and tTG antibodies in children with type 1 diabetes.
Materials and Methods
This study examined cross-sectionally positive antibodies to EMA and tTG in a cohort of children with type 1 diabetes and no history of CD. Ethics approval was obtained from the Human Investigations Committee of Memorial University. There were approximately 280 children (0-18 years) who were followed at the Diabetes Clinic at the JCHCC during the time frame of this study. One patient, not of Irish descent, had been previously diagnosed with symptomatic biopsy proven CD prior to this study. A total of 175 patients were recruited to this study from the Diabetes Clinic between November 2000 and October 2001.
Inclusion criteria for this study included: (1) type 1 diabetes; (2) Age 0-18 years; (3) Diagnosis of type 1 diabetes based on the Canadian Diabetes Association Clinical Practice Guidelines [8] . The exclusion criteria were parental refusal or refusal from child of legal consenting age, and other forms of diabetes (i.e., Type 2 diabetes, Cystic-fibrosis related diabetes, etc.). If the child fitted the study criteria, our diabetes research nurse approached the family and asked if they wanted to participate. Information concerning the study and CD with its implications was then given, and written informed consent obtained.
Height and weight were routinely measured at each appointment in the Diabetes Clinic on a stadiometer. Body mass index (BMI) was calculated for each patient. Information concerning the date the child was diagnosed with diabetes was obtained from the Diabetes Database. Parents were asked about a family history of CD and Irish descent. A detailed pedigree for each family was also collected. The parents were also asked whether the child was having any symptoms suggestive of CD (diarrhea, flatulence, abdominal distension, abdominal pain, vomiting).
All children entered into the study were screened for CD using both IgA based EMA and tTG antibodies along with their routine biochemistry (A1C). The last four A1C values (when available) were averaged. A1C was measured on an A1C 2.2 Glycohemoglobin analyzer (Tosoh, King of Prussia, PA, USA); Serum ferritin was measured on the Access Immunoassay System (Beckman-Coulter, Brea, CA. USA); IgA was measured an Array Immunochemistry system (Beckman-Coulter). Presence of IgA EMA was determined by a commercially available kit based on indirect immunofluorescence microscopy using fixed cryostat sections of monkey esophagus (Scimedx, Densville, NJ, USA.) as an antigen substrate. Patient sera were initially diluted 1:20 and subsequently investigated at dilutions of 1:40, 1:80, 1:160, 1:320, and 1:640. The antibody titer was reported as the highest serum dilution yielding fluorescence. Performance characteristics of this kit were previously investigated by others [15] . Positivity for EMA antibody was defined at a cut-off titer of 1:20 or greater. The tTG assays were performed at the Barbara Davis Centre for Childhood Diabetes, University of Colorado Health Sciences Centre (the results are given based on absorbance with an index 0.05 defined as positive). Age specific reference ranges were used to identify patients with low levels of IgA. Patients with low IgA levels were screened for CD using IgG anti-reticulin antibodies by immunofluorescence assay (Scimedx).
The group with positive antibodies to EMA and/or tTG was compared to the group with negative antibodies. Univariate analysis was performed between the positive and negative groups on all variables. Mann-Whitney U two-tailed test was used for continuous independent variables, and chi-square test was used for dichotomous independent variables. Those variables statistically significant were then entered into a logistic regression model. The statistical software package SPSS was used for all statistical analysis.
If the child was EMA and/or tTG antibody positive, the family was given information on CD and referred to a pediatric gastroenterologist for possible small bowel biopsy to make a confirmatory diagnosis of CD.
Results
A total of 175 patients were recruited from the JCHCC. Results on CD-associated antibodies were available on 167 patients. All patients included in analysis had a history of type 1 diabetes. Mean age was 12.4 years with a range of 2.6 to 18.9 years. Gender was evenly split with 49.7% of patients being male (Table 1) . The prevalence of patients with positive antibodies to EMA and/or tTG was 16.8% (n = 28) ( Table 1 ). In addition to these 28 patients, 1 patient had been previously diagnosed with symptomatic CD. Thirteen patients had high titers of tTG defined as >0.575 (median value for positive results). Eight patients had high titers of EMA defined as titer >1:160. All patients with low IgA levels (n = 6) were negative for anti-reticulin IgG antibodies. When comparing patients with positive antibodies to those with negative, ferritin, gender, A1C, Irish descent, family history of celiac disease, gastrointestinal symptoms, and BMI were not associated with positive antibodies ( Table 2 ). The two statistically significant variables with positive antibodies were an earlier age at onset of diabetes (Mann-Whitney U two-tailed test: mean difference 3.2 years, 95% CI 1.7-4.8 years, p < 0.0001) and longer duration of diabetes (Mann-Whitney U two-tailed test: mean difference 2.9 years, 95% CI 1.3-4.4 years, p < 0.0001). Irish descent was associated with positive antibodies but did not reach statistical significance. On logistic regression analysis performed with these three variables together, only age at onset of diabetes remained significant. (BMI (body mass index) = weight (kg)/[height (m)] 2 ; A1C = hemoglobin A1C; SD = standard deviation).
Discussion
These results suggest one of the highest prevalence of CD-associated antibodies in children with type 1 diabetes [1] [2] [3] [4] . This is noteworthy since complications of untreated CD include malabsorption, short stature, failure to thrive, iron deficiency anemia, osteopenia/osteoporosis, delayed puberty, and even malignancy.
The high incidence of CD-associated antibodies in children with type 1 diabetes in this population may also be due in part to the strong inherent autoimmune predisposition with specific HLA alleles associated with both diseases. The incidence of type 1 diabetes in NL is one of the highest in the world [13] . HLA DQ2-DQ8 heterozygotes show a high risk for type 1 diabetes development, and are also strongly associated with CD. The high risk genotype HLA DQ2-DQ8 is also associated with young age at onset of diabetes [16, 17] . Data about HLA genotypes was not available, which is a weakness of this study. Similarities have been shown between the mechanisms of recognition of gluten by HLA molecules in CD and of pancreatic autoantigens in type 1 diabetes [6] . Up to one third of those with type 1 diabetes with HLA DQ2 have positive tTG, compared with less than 2% of those without HLA DQ2 or DQ8 [18] . Genome-wide association studies have also revealed numerous non-HLA CD-associated loci, and sixty-four percent of these loci are shared with at least one other autoimmune disease, further emphasizing a common genetic predisposition [6] .
Our results also revealed that earlier age at onset of diabetes was predictive for positive CD antibodies. These findings are consistent with those of other studies in that patients with both type 1 diabetes and CD are characterized by a younger onset of type 1 diabetes [3, 19] . This is in agreement with the suggestion that there are common genetic and environmental factors that contribute to the etiology and pathogenesis of these diseases in younger children. There was no other characteristic that was significantly able to predict the presence of CD-associated EMA and tTG antibodies in these children.
A drawback to this study is the absence of confirmatory biopsies in these patients. The antibody tests are screening tests, and not a basis on which to make a definitive diagnosis of CD. The criteria for a diagnosis of CD must include histology with the characteristic features. The positive predictive value (PPV) of serologic screening for biopsy evidence of disease in children considered genetically at risk for CD (type 1 diabetes, first-degree relative, at-risk HLA type on newborn screening) has been quoted at 0.73-0.80. This is lower than the PPV reported for patients who are identified on the basis of symptoms, which approaches 1.00. Thus, the prevalence of biopsy-proven CD in children living in NL with type 1 diabetes is likely lower [20] . The prevalence of CD in the general NL population is not known, and this is also a limitation.
Another limitation of this study is that the data was collected over a decade ago. At the time of data collection, in the early 2000s, the association between type 1 diabetes and CD was just coming to light. Patients with positive antibodies were referred to pediatric gastroenterology, however data from that follow-up is unavailable. Currently, it is widely accepted that there is a genetic association between the two diseases, and most children with a diagnosis of type 1 diabetes are routinely screened for CD. Nonetheless, our results reveal one of the highest prevalence of CD-associated antibodies in children with type 1 diabetes [1] [2] [3] [4] .
The practice of screening for CD at JCHCC has been based on the current Canadian Diabetes Association guidelines [8] . CD screening has been performed when there are recurrent gastrointestinal symptoms, poor linear growth, poor weight gain, fatigue, anemia, unexplained frequent hypoglycemia or poor metabolic control. All patients with positive antibodies have been referred to pediatric gastroenterology for confirmatory endoscopy with biopsy. However, the main purpose of screening asymptomatic children is to prevent long-term complications of undiagnosed CD. Our data supports screening all children with type 1 diabetes.
Conclusions
The results presented in this manuscript strongly support the current ISPAD recommendations (11) . In our population, earlier age at onset of diabetes was predictive for positive CD antibodies. CD associated antibodies should be screened at the time of diagnosis of type 1 diabetes, and at 1-2 year intervals thereafter, or even more frequently if there is a positive family history of CD.
